TEEINICAL NOTES.
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

No., 85.

ATIR FORCE AFPD THREE MOMENTS FOR F-5-1 SEAPLANE
By the Aerconamtics Staff,

Construction Department, Navy Yard,
Washington, D. C.

Prepé,red unier the direction of the
Bureau of Construction and Repair.

February, 1933.



WATIONAL ADWISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL NOTE NO. 85.

AIR FORCE AND THREE HOMENTS FOR F-5-L SEAPLANE.
By the Aeronautics Staff,
Construction Department, Navy Yard.

Introduction.— A model of the F-5-L seaplane wss zade, ver-
ified, and tested at 40 miles an hour in the 8' x &' tunnel for
1ift and arag, elso for pitching, vawing and rolling moments.
Subsequently, the vawing noment test was repeated with a modified
fin, The results are reported without VL scale correction.

Model.~ Figures 1, ;2 and 13 give the general appearsnce
and chief dimensions of the model. For subsequent investigation
of yawing moments on the original model, it was found desirable
to replace the fin of the tail unit by one of approximately e
greater area and with the rudder-balancing surface omitted. The
altered fin is shown by dotted lines in Figures 1 and .13.

Apparatus.~- The 1ift and drag were measured as usual on the
Eiffel balance; the pitching and yawing moments on the torsion
balance; the rolling moments on a special apparatus improvised
for the purpose as shown in Figures 3 and 14, In the latter de-
'vioq, the model is supported from the shank of the torsion bal-
ance by means of an emery knife edge'whioh permits it to roll
through very small angles without material resistance. The knife

edge is parallel to the assumed thrust line and passes through a

* This report is a slightly revised forr of the unpublished
Report No. 118, Construction Department, Navy Yard, Washington,
D. C. -
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point representing the center of gravity of the seaplane. The
morent is measured by means of a small double-platform scale

from which a fine steel wire is run downwardly through the cell-
ing of the wind tunnel, and secured to one wing of the model, con-
tinuing to a point near the floor of the tunnel, where 1t is at-
tached to a shilelded weight which keeps 1t taut, During the test,
the rolling displacements of the model were just large enough to
perrit of reading the.indicatioﬁs of the platform balance.

Pitching Moments.- Fipure 12 gives the lire of resultant

air force on the wodel with elevator neutral; Table I and Figure
3 give, with elevator neutral, 10° up and 10° down, the pitching
moments about the transverse centroidal axis, shown in Filgure 13.
Both figures and the table show that the seaplane with neutral
elsvator balances at 9° angle of attack about the center of grav-
ity, and, for angles between o° and 150, possesses sufficient in-
herent stability, though unstable above 13°, The diagram at tce
bottom of Figure 12 shows the center of pressure travel on a
plane through the center of gravity parallsl to the thrust line.
Figure 3 shows that, for the full scale seapnlane, pivoted
about 1ts transverse centroidal axis at 40 miles an hour, the
shift of the center preessure is nearly one inch per degree change
ofJelevator. The same is indicated by the moment diagram taken
together with the 1ift diagram. Figure 3 furthermore shows that
at 9° angle of attack the change of pitching moment for 1° change

of angle of attack of the searlane is 570 pound-feet, and for 17
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angle of elevator is 340 pound«feét. This latter moment rerairs
nearly constant through the usual angles of flight, whersas the

ixoment for change of angle of attack of the seaplans varies con-—
siderably.

Yawing Moments with original fin.~ Figures 4 and 5 and
Tables II and III present the yawing moments; first with the hulil
neubtral and rudder turned; then with the hull yvawed and the rud- .
der neutral to it. Under both conditions, the seaplane vossesses
fair directional qualities at all settings from zero to 200, pos—
itive and negative. Figure 4 indicates that the moment on the
rudder is almost exactly proportional to the angle of attack of
the rudder.

Yawing Moments with modified fin.- Figures 10 and 11 and
Tables II and ITI show, for increased fin surface, the yawing
momenfs with hull neutral and rudder turned, and for hull yawsd
and rudder neutral to it. This enlarged fin improves the direc~
tional quality for the same rudder moment. The moments about the'
hinge of the rudder are increased by the removal of the balanc-
ing surface, but as these moments are small for usual angles of
rudder movement, it arpears more desirable to use this area as 2
part of the fixed fin for directional stabilizing.

The moment for both the original and the modified rudder is
sufficient, though not ample, to steer the searlane on a straight
level course with one engine stopred and the other malintaining a

flight speed of 67 miles an hour. For at this speed the thrust
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of the one rropeller is 17CC pounds, which gives a vawing romant
of 10,300 pound-feet, or that of the ruider at abous 20? argle
of attack.

Rolling Moments.~ Figures 6 and 7 give the rolling rmorenis

on the searlane: first, with tle Bull axis rarallel to the wind
and the ruddér set at various angles of attack; then with the
ailerons neutral and the hull yawed through vearious angles.
These show that with neutral allerons the rolling moment increasss
unifornly witr yvaw from 0° o 20°; also that without yaw it in-
creases continuously with aileron turning from 0° to 20°,
Lift and Drag.- Figure 8 and Tables I and IV, giving the
1ift, drag and 1ift/drag, disclose characteristics resembling
those for the R.A.F.38 aercfoll. The 1lift reaches its maximum ab
about 16° angle of attack. The maximum 1ift/drag is 8.1 at 9°
angls of attack and is not well sustained. The rapid decline in
the 1lift/drag as% 16° is due almost entirely to the rapid increase
of drag. This value of the maxirmum 1ift/drag is not great con-
gidering the large aspect ratio. t may be recalled that the
Burgess sezplane scout and Gg;tis HA sezplane had 1lift/drzg ratios
respectively equal to 8.7 and €.1, though the asgect ratio was
less than for the present model. The T.B seaplane with an aspect
ratio of about 7 discloses a maximum lift/dreg ratio of 2.4. In
none of these, however, were the models, in their minor details

of structurs, geometrically similar to the full scale seaplsans.
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Performance.~ Figure ¢ shows that the seaplane welghing
13,500 pounds can pe sustained at slightly over 55 miles per
hour and with 800 horserower actuating wropellers of 7 5% eﬁfici—u
ency, can attain a2 speed of €8 wmiles per hour. Owing, however,
to the rapid decrease of 1ift at the righer angles of attack, it
would seem best not to navigate at sresds much below 60 niles
per hour. In standard air the seaplene stould be able to climb
at the rate of 185 fset per minuts at a speed of 65 miles an

hour, and 375 fest per minute at 85 miles an hour.



Table I.

n\un

L s

Lo mi/hr.

~ g = k.1 1bs/
sq.£t.

8 = 2.42 fs.

fg= 9.9 1bs.

¥ay.span U4, 323 ft.

Scale of model, 1:24

Area of -elevators,
0.095 83.7%%.

8Bpan oi slevator.,
8125 f£+%.-

F
V =

eaplane
/
Ve =

Ny

¥ 5 L seaplane

v = ﬁjD D’Ji/hl‘.

Ve -_2‘?= a4 = 41 1bs/
sq.ft.

8 = 1394 sq.ft.
8q- 5715.% 1bs.

Max.epan = 103! 9fn.

Scale - full size

Area of elevators,
55 8q.f%.

Span of elevators,
19 onm,

¥odel
Angle ! : : : Pitching moment in
oF | Lift in pounds Drag in pounds 1bs. in.
Attack| Elevator Elevator Elevator
[ ! o 10° 0 0 10° 0 ¢ | 10°
10 up 0 down 107 up 0 down 10%upp O down
-6 ~3.60 ~3.28 ~3.01 1.208 | 1.20 1.14 6.200)2.171 |- .30
-3 —5.142 -8.668 —3.34; 0.902 0.862 O.SSK 5.925 2.1%8 - .14%
-1 10.712 1.068 | 1.380 | 0.779 { 0.7%2] o0.722 A R —
0. 1.525 1.897 2.23 0.7%5 {0,707 0.698 | 5.653%|2.283 [~ .525
1 2. 371 2.755 3.07 0.707 | 0.690} 0.696 e | -
2 3.148 3.570 3-39$ 0.707 | 0.69%{ o0.7i2 | 5.54&|2.290 |- .793
E 3.970 - 355 730 | 0.728 0.711 0.730 e | === -—Z
.750 2.125 2.470 0.76% |0.75 0.792 2.050 1.914 |-1.214
6 6.275 .665 .983 | 0.866 |0.870( 0.909 .690([1.370 l-1.619
& 7.7650 | 4.150 | 8&.510 | 1.004% |1.015| 1.06% | 3.67L1| .3%29 |-2.5(3
10 9.220 9.582 9.9%7 | 1.175 {1.187| 1.240 | 2.134}-.580 |-3.50%
12 10.520 |10,850 |11.195 | 1.377 1.29£ 1445 759 -1, 641 #3.335
14 11.550 |11.855 |12.215 | 1.650 |1.69 1.148 817 {-1.916 }-4 g12
16 [ 12.0650 [12.%75 |12.730 [ 2.2i% |p2.322!f 211 {2,204 |- .378 -1, 360
- Full slze.
- 6 |-2076.0 |-1895,0 | -1737.5| 696.0 694, 61.0 | 7143 | 2500 | - 930
-3 |- 6%9.0 - g .0 - 388.3 r%g.a ugg.g ﬁge.o gsa 2?20 - 322
-1 410.0 15.0 7585.0 ﬁus.5 26, 5.8 o - ———
0 87645 | 109%.0 | 1p@b6.5| U423.2| 407.3 | 402.0 | 6510 | 2630 | - 605
1 1369.5 1587.0 | 1771.0 40%.3 397.5 | 400.9 — — -
2 | 1835.0 | 2056.5 , 22 E'O 4o7.5| 359.7 | ¥10.0 | 6393 | 2638 | - 914
3 | 2287.0 | 2508.0 | 270o0.5| B19.3|4i%.0 | beo.s | 22 | -Se ] S--
2736.0 2952.0 3150.0 4o, 0 ug .2 | 486.1 |5820 | 2204 |-1399
6 | 26150 3838.0 | f022.0 hog 8 | 501.0 | 523.5 2405 1578 | -1865
8 465.0 655.0  4900.0| 578.0|5¢4.5 | 606.5 |B230 279 -2965
10 Z 10.0 520.0 7E4.o 677.0 | B&6.0 | 7ilk.2 | 2460 |- 668 | -H035
12 60.0 250.0 gu 5.01 793.5 sog.o 83%,0 &7n |-1890 | -4l20
| 1k | 6655.0 | 6830.0 | 7040.0| 951.0|976.0 |1006.5 | 941 [-2208 | -5545
| 16 6940.0 71%0.0 | 7323%.0| 1275.0 [1337.5 [1389.0 |2540 |- %35 | -5H025
|
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F 5 L seazlane
V = 40 ri/hr.
g = 4.1 1bs/sq. ft.
Scal° of model

1: 24
Axis of yawing nor-
nal to thrust line,
34% of chord length
aft of leading
edge.

F 5 L seaplane

¥V = 40 mi/hr.

qa = 4.1 1bs/sq. ft.
Scale @ full size
Axis of yaw. morent
rormal tg thrust
line, 34% of chord
;engtn ait of lead-
ing edge.

Tabie II.
I
(Angle { Hodel i
b of pounds-inches g
'respect- Yawing moment _ - L Rolling roment _;
. ive 'Orlvlnal Reviged, Angle Angle |
icontrol | fln ; fin a of of i
‘surface (gurface '@ surface| yaw 0° ailezon Oq
' T i » 7
SR ‘ +.16°0 1,13 116 ¢
i f
- 50 1- .65 - .58 | 9.22 3.81
, L, ; i :
| 10° -3 | -1.29 :1e.19 6. 37
L 15° !—2 12 | -2.06 25.33| 8.73
i 1 :
. %%  |-2.85 | -3.85 .20.86| 11.51
L N L !
Full size -
vounds—-feet
r F i' l
; o° i+ 107 + 184 1280 1268 i
' 5® - w42 - 67 | 10630 | 4380
. ' i . t
. 10°  i-1595 : -1493 | 20950 7340 }
} : i ’
. 15° i-3436 , —3383 | 23180 10040 E
| 80°  |-333¢ | -33S2 | 54420 | 13040 ]
! I I
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Table IIT.
Vp o Model !
,Ag?le pounds—-inches {
; yaw, Tawing moment |
I Original : Revised :
fin surface i fin surface :
1) :l |
T & L searlane '+ 209 - 3.4C ! - 4.37 ?
' 189 ~13.93 ! - 3.54 ;
T = 40 mi/kr. ! 16° - 2.48 . ; - 2.93 :
, 14° - 2.03 ) - 2.44 ;
a = 4.1 1lbs/sq.ft. i 12° - 1.63 | - 1.98 |
_ 109 - 1.32 | - 1.56 |
Scale of model - - 1.3C s - 1.13 i
8% - 0.89 ! - .68 :
l: 34 . 4° - 0.41 | - .40
- - 0.14 | v !
Area of rudder 0° + 0.0¢ ; + .13 .
-3 0.33 | .44
Rudder neutral to -4° 0.60 .79
-89 0. 8§ ! 1,07
axis of hull ' -g° I 1.20 | 1.47
~-10° | 1.52 | 1.83
-12° | 1.89 . 2.38
-14° | 2.28 | 3.92
-18° | 2.7C : 3. 39
I-18 i 3.15 : 4.03
'~30° i 3.80 i 4.58
i Full size }
pounds-Ffeet i
5 L seaplane 20 ,  —3918 -4920 N
18 i —-3363 ; . —4080 i
¥ = 40 mi/hr. 16 ! 2834 -33E0 i
: 14 | —233¢0 ~2810 :
1 = 4.1 1lba/sq.fs. 12 | -—1878 -23€0 !
) 10 | -1531 -1500 .
Scale : full size 2 | -=1152 -1302 !
6 I -0795 - 782 ;
Ares of rudder 4 v =0476 - 485 i
33 sq.ft. 2 t -o158 - 85 |
0 +0107 + 184 -
-2 0380 507 ]
R} i 0823 . 508 !
Rudder neutral to -3 1014 1333
-8 1382 1885
axis of hull. -10 1753 2110 :
-13. 218¢e 2740 |
-14 2327 3564 i
1-15 3113 3910 ;
-18 3628 1645 ,
-20 4147 5260 i
l L
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Table IV.

i Model
' ; Lift/Drag on model in lbs.
Angle
? i Elevator
o g
| | 109w | 0° ! 10° down
s ,
F 5L geaplané | 6 -2.984 -3.759 | —2.63
| -3 -1. 268 - .078 I - . 4086
VY = 40 mi/hr. -1 .9132 1. 439 I 1.911
0 2.075 3.683 | 3.20
Scale = 1:34 1 3. 362 3,992 } 4.42
3 4. 509 5.144 L 5,475
3 5.453 - 8.074 | 6.479.
4 8. 217 8, 797 | 8.207
8 7. 248 b.661 | 7.682
8 7.719 8. 03 I 8.006
10 b 7.847 8.072 -8, 014
12 7.839 7.766 . 7,747
14 7.000 . 8.998 8.988
t 18 5. 443 5, 329 5. 28
|
Full size
F 5 L seaplane - 8 -2, 882 -2.730 ~-2.630
-3 -1.268 -0.776 -C. 408
V = 40 mi/hr. -1 +0. 914 +1. 439 +1.911
0 2.075 2.885 3. 200
Scale: full size] 1 3,383 3. 9923 4,430
2 4, 510 5. 145 5,475
3 5. 455 6.075 8. 480
4 8.220 8. 300 8. 915
8 7.245 7.680 L 7.683
8 7.725 . 8.030 8.005
10 7.845 g.070 8.C10
12 ™.} 7.840 7.718 7.745
14 7,000 7. 000 8. 920
16 5,442 5, 570 5. 220




s
L aja e
) 1y ! '

~ Lo s [ e e e e

F
EN _ 1SN i

}—%— o0

: - : /

> oo >
B Is_ [+
F .....1\. ~ Ik WTL_M
[ L - ot
T2 N B T
® - —d fe - — - e
T e B ewpeiry b bl Huw_ imr , Jee h\.J .».,W‘ﬂwv
2 = foay, 1. 3. @ SRR Pl N
1 \ _-..Il.ll.lkﬂ”.fllll e llvll.r.fu 2
1 4 ! —— 1 . v\.\
" R i i
w_n O Rl i S

1 miz

© e r———

n H
—m - — ¥ —— e e b
e . |
[} 1
m Q Bim
™
..m o 0 n.m. ®
A d a2,
s b 3
(= 4 .
e ol { :
w— @ ,. i
r. .
- o'y BIRS
o o —= 1 * An
L= = ! \ .\L @
Ke) © 4 L o 1Y
rd .n
—l < ~®@ o rfjm :
~3 o L Jd T ,
— . 3_2 !
= Pl : AR !




Scales

1T

Angle of attack dial

= € I —

Knife ed

L0117
dia. wire

Stream line shield
Weight ]E} Floor of tunnel

Fig. 3. Apparatus for measuring rolling moments.




W=Wsight in pounds for full-size seaplane.
~U=Velocity in m.p.h.

For

of seaplane.
B=Inclination of longitudinal axis to the horizountal.
refersnce axis forvpitching moments see Fig. 13.

ul~Variation of pitching moment due to change of
normal velocity for full-size seaplane.
Gy="Iletacentric height" for full-size seaplane.
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Yawing morent on full-size-séaplane in pound-feet.
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Mngle of attack of upper wing chord to wind.
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Yawing moment on full-size seaplane in pound-feet.

=000
5000

kooo

2000

1000

YJwinglaxis
of

choqd.len

at 90°

ﬁ

WJWeight in
THCLLHATT
relative
"DlIéCthJ;l rddius'

i

pound

g of

full+igize

[
o |thrust axis and 34%:
gth df% of leading edges‘

!
sea.n"

n of
nd

longitudinal &>

for

114

us'ﬁg

size lgen-

.Guxve cprrecEed f

! asy]

etry

R
]

153 | Au

Lol R el
E-L(JAIJU

¥

feet

per dsgreq

TFor

4o m.
ne S B

T

.h.AM
P ,’ayf

U 2 —_
= Haﬂ R =

n

. 16 R =

h
tl

679

<o

~

f

NN

J

!

4

Ya
Vd

7 S

—20°

-15°

~10°

50 00

~0
2

Angle of yaw -
Fig.10. Yaw1ng moments with hull yawed and.rudder neutral to mull.

Wind speed 40O m.

v.h,

10°

O

15

g
G
[=]

Revised fin.




Tawing moment on full-size seaplane in pound-feet.
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APPENDIX.
Comments on the Preceding Tests.
By Max M. Munk. ST -
‘The results of ths . preceding tests are very suitable for
checking a formula or rather the existing method for the calcu-
lation of the moment produced by the displacement of, for in-

stance, the elevator. This formuila would be:

(1) L . L « S8 57.3
€ Sgq €S gq b° ™

wherein

L +the 1lift produced by a displacement

m

angle of displacerntent
the area of the slevator

the greatest span of the elevator or tail »nlane

Q o wm

the dynamical pressure of the speed as given by the
Pitot tube.

K a coefficient, which is not variable to a great degree,
is about 1.3 for the usual ratio of the elevator and
tall plare area.

The meaning of the formula is as follows: The first teru -
is the 1ift per unit of elevator area, dynamical pressure and
displacement. 57.3 L/b q is the decrease of the induced angle -
of attack in degrees which multiplied by 0.1 S ¢ gives the cor- _
responding 1lift; while the second term gives this 1lift per unit
of the area, dynamic pressure and displacement. The left side
thus represents ths entire result of the displacement, the second

ternm is the part neutralized subsequently by the aerodynarical

induction.
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In ozder to check up this formula I procesd now to calculate
the factor K <from the results of the preceding tests. I divide
the nonents obtained from resvective arms, bv the dynanmic pres-
sure, the area and the displacement. To this I aid the change
of the induvuced angle of attack wmultiplied by 0.1. The sum is the
coefficient K. I begin 'sith the elevator and refer to the full-
slzed seaplane.

A 20° displacement of the elsvator produced a pitching mo-
ment of 7350 ft. 1bs., the arm being 18.3 f+., the elevator area
55.3 s8q.f%., and the dynamiocsl pressure 4.1 lbs.sd.ft. The
product of area, arm and dynamic pressure is 3670 lbe. ft. The
increase of the moment per 1° 1g 262 ft. 1lbs. , hence the increass
of the corresponding lift coefficient with reference to the ele-
'vator area is

363/3670 = 0,099
(whick is the first term of equation 1)
The span of the elevator is 18.5 fé,, hence the area ratio
aTea/span® = 55.3/19.52 = 0,121
(giving the seocond term of the equation)
and the induced angle of attack for the 1lift coefficient C.099 is
0.099 . 0.121 . 57.5/m = 0.23°
an angle which corresponds to a 1lift coefficient ten times as
as small, that ig, 0.023. Henoce the real effect is so rmuch
greater, that is
0.09¢ + 0.083 = 0,131
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and the theorv supposes this coefficient to be constant for each
ratio elevator/tail-plane and to be in the neighborhcod of the
obtained value for the present ratio.

The rolling moment, as produced by the iisplacement of the
2ilerons, can be treated similarly. The rroduct of area, amm,
and dynamic pressure 1s now 30,400 1bsuf%%& the full-sized seas
plane and the produced moment per 1° displacement is 3,CCO
1bs. ft., therefore:

C;, = 0.1 per 1°
The ratio of the aileron chord to the wing chord is about the
same as wlth the elevator and the effect of the induction ought
to increase this coefficient %o about 0.12 as before. This ef-
fect however cannot te calculated as easily as before, but on the
contrary could be determined by rodel tests similar to the pres-
" ent one. In this partioular case the srace between the aileron
and the wing was particularly great, thus decreasing the aileron
effect, and that is the reason why this test is not well fitted
for this calculation. It can bz seen, however, that the obtained
value is noﬁ very far from the sxpected value.

The yawing moment is produced by a rudder area of 33.5 sq.it.
and the product of this area by the arm and the dynanlc pressure
152230 1bs. £+, The moment corresronding to 1° displacement of
the rudder is 160 1b§. fs., g;ving the first term a value qf

Cp, = 0.073 .

The vertical span of the tall unit can be considered to bes asbout
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10 £t., giving an area Tatio
33.5/10 = 0.335.
The induoced 1ift coerfficient for 0.073 is now
57.3 . 0.1 . 0.072 - 0.335AT = 0.054
increasing the apparent effect to the real effect
0.072 + 0,054 = G, 126

Tris is approximately the same value again as with the elevator,

The vawing wmoment produéed by a yvawing angle is a function
of the shape of the entire seaplane and cannot be calculated as
before. This also holds true for the increase of the moment as
produced by the increase of the tail plane area, as the effective
angle of attack is unknown. In the present case the increase is
the same as if the effective angle of attack is only 38% of the
vyawing angle. It is known however from experience that tvhe phys-
ical law between an increase of tail plane and the produced ef-
fect is vsry irregular and an increase of the area can even resu%t
in a decrease of the stability. The phenomenon is much dominated
by the viscosity of the air, and such model tests which are not
‘at full scale with respest to viscosity musf pe regarded as doubt-
ful. '

The effect of the displacerent of the controlling surfaces
as observed by this model test well agress with the computation
and hence these tests augment the confidsrnce in these modern

methods of aerodynamic computation.



